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DISEASE AND COYOTES IN TEXAS
DANNY B. PENCE, Department of Pathology, Texas Tech Univers~tyI-lcalth Sc~encesCentel-, 3601 4th Street,
Lubbock, TX 794 13

Abstract: The coyote (Canrs laaans) populat~onin southern Texas has a recurring group of 3 common helminths
and several pe~iphel-alspecies of lesser importance. Although recurrent group analyses have not been applied to
other macro- or m~croparasitecommunities, there are certain infectious agents w ~ t hhigh prevalences that could
form recurrent groups, and that are potentially important in t a m s of Impacting host populat~on(i e , coyote)
abundance While the cu~rentrabies epizootic involving coyotes in southem 'Texas is of public health concern, it
probably wtll not have a major Impact on the coyote population. Most likely, the net effect of canine rables will
be compensatory with other mortality factors as occurred in other introduced microparasitic (canine d~stemper
VUUS, canine parvovi~us)and periodically recurring macroparasitic (sarcoptic mange) infections that have caused
recent eplzootics In this coyote populat~on.In contrast, neotatal mot-tality from hookworm is conjectured to have
s
unproven The effects of
a possible regulato~yeffect on the coyote populat~onin southern Texas, hut t h ~ remains
disease on the host populat~onshould always be considered pnor to ~nltlat~ng
management or control strateg~esfor
any vertebrate species

With some notable exceptions, coyotes ase
Infected with most of the d~seasesoccu~ringIn other
wild and domestic canid species. The last
comprehens~vereview of diseases of coyotes and
other canids in Nol-th America was by Pence and
Custer (I 98 I). Herein, I have not elected to update
that publ~cationfor Texas Rather, I will dlscuss the
impact of several recently studled disease epizootics
of a coyote populat~on in southem Texas w ~ t h
pal-ticular reference to the~reffect on the host
populat~on.

However, these are certain of these micro- and
macropal-as~tesw ~ t hhigh prevalences that have
caused recent cpizootics in thls coyote population.
These mcludc rab~es,d~stemper,canlne panlovirus,
sal-coptic mange and hookwo~ni Probably, they
would be ~mpol-tantmernbel-s of a recurrent group of
"all infectious agents",c e ~ ~ specles
a ~ n of which could
potent~allyimpact the host populat~on.
The actlons of paras~tesas mol-tality factors on
host populations al-e rev~ewedby Holmes and Prlce
(1986) The net eflkct w~thany infectlous agent may
bc e~ther:

Relative importance of infectious agents

Radomsk~ and Pence (1993) using data on
helminth specles collected over 9 years fsom 329
coyotes in sout11e1-n Texas found a temposally
pers~stentrecun-ent gl-oup of 3 conunon helminth
species. The inipo~~ance
of thls study was that it not
only dete~mined\\ih~chof the co-occunlng helmlnth
species were members of an interactive recursent
group, but it also provided ~nsight011 wh~chof the
many helminth specles ~nfectlng coyotes could
potentially affect the coyote population Because of
problems with quant~ficat~on
(collection and culture
procedures) and in dete~min~ng
present versus past
experience \\lit11 ~nfect~on
(serological data), there
have been no recun-ent group analyses on other
macroparasites (a-thropods) or m~croparasltes
( v ~ ~ u s ebacter~a,
s,
protozoa), or on the collective
community of ~nfectiousagents.

(I) compensatoly w ~ t hother mol-tality factors, with
ind~viduallosses having no net el'lect on the ovel-all
population abundance and compos~tion,or

(2) add~hve,where losses all'ect the abundance of the
host populat~on
The addit~ve elTects of paras~te-~nduced
mortality may be severe In some Instances, causlng
host population levels to drop substantially below
the threshold for maxlmum sustained density.
I-Iowcver, such cases are not common and often
involve Introduced pathogens or invadlng host
spccles. Additive n11c1-o-01-mas-oparas~te-induced
mortal~tyalso may funct~onto regulate the host
population, w ~ t h gains or losses in abundance
adjustmg the number of ind~v~duals
m the population
at a thl-eshold near equilibr~umwith maximum

sustainable density for the host species. Proven
examples of the latter are rare.
It IS emphasized that recurrent group members
vary across geographic localit~es in helminth
communities and probably also across other
gradients that could be established for other macroand micropa-asitic communities. Thus, the potential
impoitance of a given parasite to its host population
may vary dramatically across geographic localities
(Pence 1990)

Rabies

Prior to 1988, rabies occurred only sporadically
in coyotes, involving just a few individuals (usually
fewer than 10) in the more than 10,000 laboratory
confiimed cases per year I-epolted in North America
(Pence and Custer 1981). However, in the latter
months of 1988, there was a moitality event
involving coyotes and domestic dogs in the extreme
southem counties of Texas and adjacent Republic of
Mexico. Between 1988 and June 1995 there have
been 2 human and 638 animal cases
(laboratoty-confiilmed) of rabies with 244 and 322
ofthese m dogs and coyotes, respectively, across 20
counties of southem Texas (Anonymous 1995). The
rabies virus involved is known as the
"caninelcoyote" or "Mexican dog" strain.
Current efforts are directed toward containment
and contsol of the rabies epizootic in southeln Texas
through utilization of a vaccinehalt aerial dellvery
progsam (Anonymous 1995) The first vacclnehait
drop of the South Texas Oral Rabies Vaccination
Project fol- coyotes was undertaken In Februaly
1995, delivering 830,000 vaccinelbait units over
much of southem Texas In the largest single oral
vaccination deployment ever undertaken in the world
(Anonymous 1995). The oral vaccination project
was an attempt to stop the northward and eastward
movement of rabies in southem Texas. If this
PI-ojectfails, the epizootic will undoubtedly continue
to spread thl-oughout Texas. Also, the epizootic will
continue to spread if individuals fail to observe the
statewide I-abies quarantlne on movement of
unvaccinated wild canlds The strain already has
been ~dentifiedin Alabama, Florida, Montana and
The Netherlands (Anonymous 1995).
There are many unanswel-ed questions
concelning the current rabies epizootic in southern
Texas. Despite the occurence of vely high densitles

of coyotes and the concurrent existance of rabies in
dogs in southern Texas for many decades, why did it
take so long for the virus to become enzootlc in the
coyote population? Also, regardless of the much
publicized present "epizootic" in coyotes, the
prevalence of rabies in this coyote population
remains lower than that in similar fox, skunk or
raccoon rabies epizootics in other geographic
regions m No~thAmerica. Finally, while there have
been no definitive studies on abundance or
composition, the coyote population in southern
Texas does not appear to be declining due to the
present rabies epizootic (S E. Henke, pers.
comrnun.).
In the red fox (Vulpes vulpes) population of
central Europe, enzootic rabies acts as a form of
time-delayed density-dependent regulator of fox
population growth The length of time lag is
determined by how long the fox density is below a
critical threshold density for transmission of the
disease (about 1 fox 400 acres). As a result of this
damped oscillatoly cycle, epizoobcs recur every 3 to
5 years in many areas (Anderson 198 1, May 1983).
Because of its high pathogenicity, rabies persists
within thls fos population at vely low prevalences
between eplzootic periods
Once establ~shedas an enzootic disease, will the
coyoteldog straln of rabies function in a similar
capacity as fox rabies in Europe, to regulate
population abundance of coyotes from southern
Tesas? More likely, the rabies-induced moltality
simply wlll be compensatory with other mortality
factors in thls population, as has occun-ed in other
recently introduced viral pathogens. It should be
noted that host population regulation has not been
demonstrated for rabies in I-edfox or other carnivore
populations in North America.

Canine distemper

Catalnly distemper vuus can be highly lethal to
coyote pups In captivity (Gier and Ameel 1959).
However, after finding 37% of a small sample of
coyotes in southeln Texas serologlcally positive for
distemper, Tralnes and Knowlton (1 968) suggested
that canlne distemper was enzootic and perhaps not
an important mot-tality factor in free-living coyote
populations. This was confirmed by Guo et al.
(1 986) who examined 228 randomly selected coyote
selum samples from a serum bank assembled from
specimens collected In southeln Texas. The

propor-tion of seropos~trvecoyotes increased fi-om
30% to 86% in the period 1975 to 1984,
respectively, reflectrng the establishment of enzootic
infection (over 60% seropositive rate)
The
seropositive rate of distemper v~rus was
age-dependent in this coyote population. Antibodies
against canine distemper virus were found in 25%,
67% and 9 1% of coyotes less than I -year-old, those
from 1 to 2 years old, and those over 2 years old,
respectively. Thrs Increase in seroprevalence with
age is not reflcctrve of a d~seasewith high pup
moital~ty.Conversely, it indrcates that coyotes may
be a reservoir and source of the infection of canine
Thus,
distemper virus for domestic dogs.
distemper-~nduced mortality losses in the coyote
populatron of southern Texas are regarded as
compensatory with other mortality factors.

Canine panlovirus

In 1978 a prev~ously unknown palvovilus
caused an cstensive ep~zooticof hemo~rhagic
enterit~sand myocarditis In domest~cdogs In Noi-th
Amer~ca. Canine pai-vovrrus infect~on was
chal-actenzed by h ~ g hmorbrdrty and mortahty (10%
to 50%) in young domestic dogs. Thomas et al.
(1984) examined the seroprevalence of canine
parvovirus In serum samples collected from coyote
populatrons in southern Texas, Utah and Idaho
between 1972 and 1983.
The onset of canrne parvovi~ussei-oprevalence
in coyotes began In 1979, cornciding with the
domest~ccanine eprzootlc The seroprevalence
I-ap~dlyincreased to more than 70% by 1982
indicating enzootrc establishment of the ~nfection
Prevalence ultimately reached 90% to 1001l/oin all
sites These high antibody prevalence rates are
reflective of a highly contagious infection w ~ t hlow
mortality rates.
In 1980-8 1 just following
introductron of canine pa~vovims,the southern
Texas coyote populat~onexperienced a decrease In
population abundance. The decline resulted from
increased pup mortality as reflected by lower
juven~leadult rat~os(Pence et al. 1983). However,
in the followmg years, coyote population abundance
and juvenile reciu~tmentsubsequently returned to
previous levels once canrne parvovirus became
enzootic
Thus, in addltron to distemper virus, the
establishment of canine paivovi~usas another new
and highly contagious pathogen capable of caus~ng

hgh juvenile mortality in a naive population faded to
ultrmately atTect the abundance or composition of
this coyote population.
Sarcoptic mange

Pence et al. (1983) and Pence and Windberg
(1994) documented the effects of an epizoot~cof
sarcoptic mange caused by the mite Sarcoptes
scabiei in the coyote population of southern Texas
from 197 1-91 Although sporadic cases were
reported previously, dul-~ngthe ~nitialphase of the
eplzootic (1 975- 1978) mange prevalence increased
fi-om 14 to 24% in this coyote populatron. From
spring 1979 to spring 1982 the mange prevalence
peaked at 69% during the stationary period of the
epizootic. The fall of 1982 marked the beg~nningof
the decl~ncphase of the epizootrc with prevalences
sloivly decreasrng to 0% by sprlng 1991.
Subsequently, only sporad~c cases have beer?
reporled.
Fr-om rts po~ntof origin in Webb County In
1975, the mange epizootic expanded centr~fugallyto
encompass most of southern Texas during 1982-89,
plus an unmeasured area in the adjacent Republic of
Mexico The hrgh prevalences of mange, reaching
nearly 70% at the peak of the epizootic w ~ t honly
about 1% of these animals recovering Coupled wrth
the decreased reproductive rates in mature ten-itorial
females infected w ~ t hmange, the epizootic rncreased
disease-rnduced mortality and natal~tyrates in this
coyote populalron.
Desp~tcsuch mortality, the abundance and
juvenrle adult ratros remained stable at levels
cons~stentwrth a high-density population over the 2 1
year per~odof study (Pence and Windbcrg 1994)
was regarded as
Thus, mange-~nduced mo~tal~ty
compensatoiy wrth other mortality factors In this
coyote populat~ori

Radomsk~and Pence (1993) found that of 8
common species, there was tempol-al persistence of
a small I-ecu~rentgroup of 3 dominant, unrelated
species. This group dom~nates the intestinal
helminth community in the coyote populat~onof
southein Texas The dog hookworm (Ancylostonra
car~in~rrr~)
was the most rmpoi-tant pathogen of these
3 species. Further, it was the most abundant
helminth, with prevalences always ovcr 95% in all

host subpopulat~onsover the 9-year study period.
Of all the species of helminths in this coyote
population, hoohwolm is the only macroparasite that
has the long-standing host-parasite relationship with
an aggregated distribution that could effect the
degree of density-dependent pathogenesis in
juven~les(Anderson 1978, May 1983) necessary to
regulate the host population. This effect would
manifest itself by decreasing the number of juveniles
available for recruitment.
Hookworm disease-induced mortality results from a complex
interaction of parasite density-, host age-, and nutritional-dependent factors in coyote neonates and
juveniles (Radomski 1989)
Pence et al (1988) demonstrated that coyote
pups were infected naturally at a very young age by
transmammary transmission. Radomski (1 989)
showed that a threshold dose of about 300 infective
hoohworm larvae were suffic~entto account for over
50% mortality in coyote neonates experimentally
~nfectedwith hookwonn in the first few weeks of
life Extrapolated to a free-ranging population, this
indicates that j~lven~le
mortality can be expected in
populations w ~ t hh ~ g hhookwo~mabundances
In the coyote population of southein Texas,
fall-collected juvenile (6 to 7 months old) coyotes
still had vely heavy infections (Pence and Windberg,
1984). There were 78%, 63%, 42%, and 24% of
these juveniles w ~ t hmore than 150, 200, 250 and
300 hoolilvo~ms,respectively (D. B. Pence and L. A.
Windberg, unpul>lisheddata). These were juveniles
which had survived the initial effects of hookwolm
d~sease due to heavy tl-anscolostrally-acquired
infections as neonates.
Because most hookwolm infections of coyotes
in southern Texas probably result from transmarnrnay transmission (Pence and Windberg 1984,
Pence et a1 1988), and 78% of the 6 to 7 month old
juveniles harbored over 150 hookwo~ms,neonates
which had slightly higher abundances of hookworms
probably were lost h m the population About 25%
of the 6 to 7 month old coyote neonates had over 300
hoohwolms, the LD,, threshold of Iiadomski (1 989)
in expel- men tally-~nfected neonates
There was an associated hemorrhagic enteritis
and ancylostomiasis in these juveniles which was
complicated by h ~ g hintens~tiesof other intestinal
helm~nths.Despite this, these animals appeared to
be in reasonably good condition at the end of the

warm season and prior to the fall dispersion from the
family group.
Rased on overwinter juvenile mortality from
fall-to-spring (Windberg et al. 1985), it is estimated
that perhaps one-third of the coyote pups whelped
in southern Texas die between birth and 6 months of
age, with another one-third of these survivors dying
during the first overwinter period (L.A. Windberg,
pers. comrnun.).
The following may occur in at least some of the
juvenile coyotes that survived the initial
consequences of prenatal-colostrum hookworm
infections, but maintained moderate-to-heavy
hookworm infections through the summer and into
early fall.
Food supplies In southetn Texas are most
abundant following whelping (Brown 1977), and
neonates should be able to maintain the highest level
of nutrition when they are part of a family group
living in a ten- to rial range. Dispersal of juveniles
from parental territories occurs during the fall and
early wlnter (Andelt 1985). Although fall food
supplies appear adequate in most years, this is a
period of d~etarytransition when diets shift from
fiuits as a major component to greater use of rodents
and lagomoi-phs (Brown 1977). Therefore, heavy
hookwolm infections may compound an already
nutritionally-, behaviorally-, and socially-stressed
juvenile coyote. Thus, ancylostomiasis could have
an effect on the growth rate and survival of juvenile
coyotes during the fall and the subsequent overwinter period
Knowlton and Stoddart (1 978) concluded that
explanations regarding regulation of coyote
populations were speculative. However, evidence at
that time suggested that social intolerance, as
mediated by abundances and availability of food,
were the primaiy dete~minantsof coyote densities.
Behavioral characteristics are linked with
swvivo~ship.Although available ev~denceindicates
that hookwo~m-inducedjuvenile mortality may
provide a mechanism for regulation of this coyote
population, t h ~ sremains to be verified through
further field stud~es

Conclusions

Coyote populations, such as the 1 in southern
Texas that have been studied extensively, can suffer

what appeal- to be frequent and severe disease
epizootics.
The casual observer witnessing
morbidity or ep~sodes of mass mortal~ty may
interpret the effects of these ep~zootics as
devastating to the population (Pence and Windberg
1994). However, the disease-induced moital~tyfrom
distemper, canine pai-vovrius and mange that have
recently caused epizootics in the coyote population
of southern Texas was compensato~ywith other
mol-talrty factors Probably the same effect wrll be
observed in the present rabies epizootic, once the
virus becomes enzootic Though unpl-oven, it is
conjectured that the abundant and pathogenic dog
hookworm represents the only macroparasitic
rnfection that may ei'fect regulation by reducing
juvenile recruitment In this coyote population.
As emphasized by Pence and Windberg (1 994)
in their study of sarcoptic mange In the coyote
population from southern Texas, more critical
examination of host-disease ecological relationships
may reveal an insignificant effect at the host
population level. Alternatively, certaln diseases
could be very inipo~tantto a host population if the
eEects of 11101-talitywere additive and contributed to
the regulation of the populat~onabundance at the
threshold of rts maximum sustainable density, as is
suspected m hookworm infection. Thus, rt IS of
importance to understand the actual effect of the
common diseases on the specific host population in
question prior to irnplementat~onof any intervention
or control procedures for those diseases. Further
d~seasesand pal-as~tesshould he considered when
developing an overall management or control
strategy for any given host pop~rlatron
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